Background: Cardiac pain arising from acute coronary syndrome (ACS) is a multi-factorial phenomenon. Historically, episodes of cardiac pain have been captured using a one-dimensional numeric pain rating scale. Lacking in clinical practice are acute pain assessments that employ a comprehensive evaluation of an emergent ACS episode. Aim: To examine the sensory-discriminative, motivational-affective and cognitive-evaluative dimensions of ACS-related pain. Methods: A descriptive-correlational, repeated-measure design was used to collect data on 121 ACS patients of their cardiac pain intensity. The (numeric rating scale-NRS 0-10 scale) measured chest pain "Now" and "Worst pain in the previous 2 hours over 8 hours" and the McGill Pain Questionnaire Short-Form (MPQ-SF) measured pain at 4 hours. Results: Mean age was 67.6 ± 13, 50% were male, 60% had unstable angina and 40% had Non-ST-elevation myocardial infarction. Cardiac pain intensity scores remained in the mild range from 1.1 ± 2.2 to 2.4 ± 2.7. MPQ-SF: 66% described pain as distressing and 26% reported pain was horrible or excruciating. Participants described ACS pain quality as acute injury (nociceptive pain: heavy, cramping, stabbing), as nerve damage (neuropathic: gnawing, hot-burning, shooting) and as a mixture of acute and chronic pain qualities (aching, tender and throbbing). 
Introduction
Complex cardiac pain presentations are problematic for patients to recognise and for clinicians to differentially diagnose as an acute coronary syndrome (ACS).
"Excruciating, debilitating, throbbing, pressing, sickening; an aching kind of deep pain" have been used to describe acute chest pain experienced by individuals suffering an anginal episode or a seminal heart attack [1] . Cardiac-related pain arising from narrowed or blocked heart arteries (coronary artery disease
[CAD]), resulting in myocardial ischemia, is individual and varies within a spectrum of unique symptom presentations. As is with other types of pain, cardiac pain is subjective and complex in nature and encompasses sensory-discriminative, motivational-affective, and cognitive-evaluative components [2] . Specific to the individual, these components are interconnected and sub-served by certain areas in the brain (i.e., spinal cord, reticular, frontal, cortical areas), which in turn, add to the overall patient experience and perception of cardiac pain [3] [4] [5] [6] .
Current understanding of myocardial ischemia and the individual perception of cardiac pain has been informed by pain science and observations from clinical research and practice [1] [3] [4] [5] [6] [7] . Myocardial ischemia results from the development of atherosclerotic plaque build up that blocks blood flow through the epicardial arteries, compromising supply of rich oxygenated, nutrient saturated blood to the heart [8] [9] . At the tissue level, lack of blood supply triggers activation of the sympathetic and vagal afferent nociceptive pain fibres [8] [9] . The individual experience of cardiac pain is complicated and relates to the cumulative effect of myocardial oxygen supply and demand imbalance, the pain mechanisms involved in the neuro-modulation of painful stimuli at the levels of the neuroaxis, peripheral nerves, spinal cord and brain [7] and changes in neuro-plasticity that occur at the peripheral and central levels resulting in central sensitization [4] [5] [6] [10] .
Historically, chest pain intensity in clinical practice has been measured with one-dimensional tools such as the numeric pain rating scale (NRS) or the visual analogue scale (VAS). This limitation precludes the ability to assess and evaluate cardiac pain comprehensively and identify the various dimensions of an acute cardiac pain experience. Therefore, the purpose of this secondary analysis was to examine the sensory-discriminative, motivational-affective and cognitive-evaluative dimensions of an ACS-related pain episode.
Methods

Subjects/Setting
Secondary analysis was conducted on 121 ACS adult men and women, admitted to a community ED in south-eastern Ontario, Canada, for report of cardiac pain during an ACS episode. The parent study examined the relationship of pain management practices and nurses' pain knowledge and attitudes on ACS patients cardiac pain intensity and level of state anxiety, in a descriptive-correlational, repeated measures design over the first 8 hours of an ED admission [11] . Of note: this study was conducted prior to the initiation of CODE STEMI protocol within South-East-Ontario, wherein patients would routinely wait 24 -36 hours before transfer to a tertiary cardiac center for diagnostic angiogram [12] [13] .
Patients were included if they met the following inclusion criteria:1) diagnosed with unstable angina (UA) or non-ST-elevation myocardial infarction (NSTEMI); 2) Canadian Triage Acuity Scale Score of 2 (indicative of an emergent status and required assessment within 15 minutes of emergency department (ED) triage) [14] ; and 3) able to speak, read and comprehend English. Additionally, eligibility criteria included cardiac chest pain of more than 20 minutes in duration and/or pain described using angina equivalent pain descriptors (i.e. nausea, vomiting, shortness of breath, dizziness, fatigue, chest tightness, syncope, diaphoresis), and electrocardiogram changes (ST depression or elevation) in one or more leads. Patients were excluded if they were diagnosed with ST-elevation myocardial infarction [STEMI] (emergent-requiring immediate triage and transfer within 2 to 6 hours for reperfusion percutaneous coronary intervention; had recent sternotomy for coronary artery bypass grafting, or valve replacement (as it may confound the acute pain intensity outcome, should they develop persistent post-operative pain); or if they were unable to consent verbally and in writing.
Data Collection
After initial triage and stabilization, registered nurses (RNs) working in the ED as team leaders, acted as recruitment champions identified potential patient participants to the primary investigator [PI] (SOM). Eligibility was confirmed by the PI; patients were approached and provided with a verbal and written explanation of the study. Once the consent was signed, demographic data were completed at baseline with follow-up every two hours for a total of 4 repeated measurements of cardiac pain intensity in the moment "now" and the "worst cardiac pain intensity in the previous 2 hours from follow-up". In order to capture a more thorough and comprehensive understanding of cardiac pain, at the 4-hour mark, cardiac pain was measured using the McGill Pain Questionnaire-Short-form (MPQ-SF) [2] . At the conclusion of the 8-hour study, participants' health care records were reviewed to complete and verify accurate documentation of the sociodemographic, medical history and clinical variable data.
Measurement Instruments
Numeric Rating Scale: Cardiac pain intensity was measured every two hours from baseline with the numeric rating scale (NRS). This 11-point numeric scale measures the intensity of the pain where zero indicates no pain, 1 -3 mild, 4 -6 moderate and 7 -10 severe cardiac pain intensity. The NRS has well established reliability, construct validity, and concurrent validity in cardiovascular, non-ED and ED populations [2] [19] . Concurrent validity has been evidenced by strong correlations between the NRS and visual analog scale (VAS) [15] .
McGill Pain Questionnaire-Short Form (MPQ-SF) [2] : The MPQ-SF is a comprehensive pain measure with well-established reliability, validity, sensitivity, and discriminative capacity in both acute and chronic pain populations [20] 
Data Analysis
SAS software 9.2 was used to analyse these data (SAS, 2009) [26] . A sample of 150 was projected as necessary to detect correlations of medium size (0.3) with 90% power and a two-sided alpha (0.05), accounting for a design effect of at least three measurements per patient and multiple patients per nurse and 25% loss to follow up. Descriptive statistics were computed (means and standard deviations for continuous variables, frequencies and proportions for categorical variables) for pre-hospital, baseline sociodemographic and clinical characteristics and the sensory and affective descriptions of cardiac pain.
Results
Acute Coronary Syndrome Participants: A total of 191 potential participants were approached to participate in the study. Of those, 121 consented and were enrolled; 70 were excluded (47 did not meet inclusion criteria and 23 people refused).
The acceptance rate was 63%. Attrition rate was conceptualized as those patients who did not have at least one repeated measure opportunity beyond baseline. Four per cent were lost to follow-up as 5 ACS patients did not complete at least one repeated measure. Table 1 and Table 2 provide descriptions of the pre-hospital profile and sociodemographic characteristics of the ACS sample, respectively.
Women and men had equal representation, mean age was 67.6 ± 13 years, 66.1% (n = 81) were married, with 60.3% of the sample were retired (n = 73) and 97.5%
were Caucasian. Most reported at least one co-morbidity (i.e., hypertension 61.2%; hyperlipidemia 58.7%). Of the 121 enrolled, 59.5% (n = 72) were diagnosed with UA and 40.5% (n = 49) with NSTEMI.
Cardiac Pain Intensity: Over the 8 hours of the study, patients reported cardiac pain in the moment "Now" and the "Worst pain in the last two hours from follow up" in the mild range. At baseline, the mean chest pain score (NRS) was 2.0 ± 2.4. Over five consecutive measurement times, at two hour increments, cardiac pain intensity "now" ranged from 0.63 ± 1.6 to 1.1 ± 2.1 and the mean worst pain in the previous 2 hours ranged from 1.1 ± 2.2 to 2.4 ± 2.7.
The Present Pain Intensity Scale, contained in the MPQ-SF, measured pain intensity at the four-hour mark rating pain of 0 -5 with 0 = no pain, 1 = mild pain, 2 = discomforting pain, 3 = distressing pain, 4 = horrible pain and 5 = excruciating pain. Sixty-six percent of the sample described their pain as discomforting and distressing which equates with a moderate level of pain. For 26% of the ACS patients, global chest pain at four hours into an acute ED admission was reported as horrible or excruciating; this corresponds to severe pain intensity levels (See Table 3 ). Sensory and Affective Descriptors of Cardiac Pain: Men and women in this study described their cardiac pain using a mixture of neuropathic (indicative of nerve damage-chronic pain) and nociceptive (related to acute injury) pain qualities early during the first eight hours of an emergent ACS episode. The sensory descriptors included: "heavy" 57.3% (n = 63), "cramping" 34.6% (n = 38), "sharp" 30% (n = 33), "stabbing" 21.8% (n = 24); all acute pain descriptors. Patients described their pain as "aching" 35.4% (n = 39), "tender" 18.1% (n = 20), "throbbing" 14.6% (n = 16) indicating both acute and chronic pain qualities. Additionally, patients described their episode of acute chest pain using neuropathic pain descriptors which included: "gnawing" 44.5% (n = 49), "hot-burning" 27.2% (n = 30), and "shooting" 23.7% (n = 26) (See Table 4 ) for sensory descriptors reported by ACS participants. More than 50% of the sample used affective descriptors to describe their ACS-related chest pain. Fifty-five point five percent (n = 61) of patients described their pain experience as tiring and exhausting, a mixture of acute and persistent pain quality descriptors. Additional affective pain quality descriptors used were: punishing and cruel (20%), sickening (28.2%), with 48.3% of this ACS sample described their acute pain as fearful in nature.
Discussion
Qualities of ACS-related Cardiac Pain: This study sought to provide a thorough and comprehensive description of acute cardiac pain observed during an emergent episode of ACS. Overall, mild pain intensity scores were observed over time in the current study. This result may be related to the effective and timely pain management provided by skilled emergency nurses reported in the parent study [11] . Reports of mild pain may also be related to the pathophysiology of clot formation common to the two forms of ACS included in the study: unstable angina (UA) and (NSTEMI). [31] . Typically, patients admitted with NSTEMI do not report as severe pain compared to STEMI patients [32] . Once death of myocardial tissue occurs, typically, pain recedes and is reported in the moderate to mild pain ranges (0 -3; 4 -6; NRS 0/10) [32] . Conversely, STEMI patients develop red fibrin rich clots that totally occlude the vessel and cause a singular or homogenous entity; that is, necrosis of myocardial tissue occurs all at the same time [33] . This event is described as extremely painful and would result in greater pain intensity scores, not observed in the current study. Data in this study captured a relatively stable sample of ACS patients with NSTEMI and UA and not the emergent trajectory of STEMI-related cardiac ischemic event. It is unknown whether pain intensity scores would be reported within the moderate to severe range by STEMI patients compared with the current study's sample.
Mild cardiac pain intensity scores may also be related to a first time or recurrent ACS event. Given the increased prevalence of repeated/cumulative ACS events [34] , it may be plausible that the observed mild NRS intensities may be attributed to those with repeated ACS events. In this study, first time or repetitive ACS events were not captured. It is not clear if increased myocardial scar tissue from past myocardial insult, injury, or death of tissue may have prevented transmission of noxious input, thereby altering pain perception. Furthermore, we currently do not know if those with repeated ACS events are more likely to develop persistent pain and would describe their acute pain with more neuropathic pain qualities rather than acute injury descriptions. This would require a more in-depth exploration. To date, no studies were found that examined first time or repeated ACS event and cardiac pain intensity. However, in emergency settings portable echocardiography is typically used to evaluate myocardial wall thickness, motion at rest and aids in differentiation of UA and NSTEMI [35] and would be a useful adjunct to examine pain intensity differences, stratifying first time and repetitive ACS episodes among UA, NSTEMI and STEMI patients.
A third explanation for mild cardiac pain intensity scores found in this study may also relate to the percentage of men and women who had diabetes as comorbidity. Over 25% of patient participants (n = 31) had documented diabetes mellitus (DM [40] . Mild cardiac pain intensity found in this study in DM patients is an important finding and resonates with others who have reported atypical and/or mild pain intensity within the diabetic cardiac population [41] [42]. For example, in a descriptive-cross-sectional study, MacKenzie and Neibert examined ACS symptoms in women with and without DM [42] . [43] in the EXPLORE study reported that their ACS sample (n = 110) post percutaneous coronary intervention (PCI), described cardiac pain with an admixture of neuropathic and nociceptive descriptors for pain at three and six months post PCI [43] . Results of the current study may be related to the inclusion criteria of an ACS sample that was composed of patients with either UA or NSTEMI. It is unclear whether patients experienced a first time or repeated ACS event that may have explained the variable pain qualities reported. We can only speculate as to whether ACS patients who were admitted with a repeated ACS event would have developed neuropathic pain over time with repeated ischemic events. This requires a longer follow up time period with a more inclusive sample of UA, NSTEMI and STEMI ACS patients in the future.
Understanding recent advancements in pain neuropathophysiology may further explain the sensory and affective pain qualities reported by patients in this study. Given the complexity of an individual pain presentation, complicated by either concurrent co-morbidities that may impact (alter) pain perception, coupled with an initial or reoccurring ACS episode, it may be best explained from what is known based on pain science. Foreman and others have elegantly explained the indirect relationship between myocardial ischemia and perceived chest pain intensity [3] [4] [5] [6] [7] . Current basic science and clinical evidence point to the variability of cardiac pain perception wherein chest pain can occur in the absence of myocardial ischemia, and, conversely, ischemic episodes can be painless, [44] - [49] typically observed in clinical practice from individuals with documented diabetes.
Men and women who have repeated angina and/or multiple cardiac events may describe their acute pain using neuropathic or nerve-related descriptors because acute cardiac pain experienced over time can lead to maladaptive processes that lead to the development of chronic or persistent forms of cardiac pain. Ongoing or repeated pain episodes cause negative changes in the nervous system such as maladaptive anaerobic glycolysis, tissue lactate production, accumulation of catabolites, and potassium efflux into the extracellular space [3] [4] [5] [6] . Acute pain, repeated episodes lead to pathological changes at the peripheral and central nervous system; these changes are collectively known as central sensitization [3] [4] [5] [6] . Sensitization of the nervous system leads to different maladaptive forms of pain perception: hyperalgesia (increase pain sensitivity), hyperpathia (augmentation of normal pain duration) and increased intensity of the pain [3] [4] [5] [6] . In all cases, transition from acute pain to chronic or persistent cardiac pain, is in part, a function of sensitization that occurs from prolonged periods or repetitive episodes of acute cardiac pain that involves a transition phase by virtue of these pathological mechanisms. This may explain why our sample reported both acute and chronic pain qualities during an acute ACS event.
In summary, patients in the current study reported mild (NRS 0 -3) cardiac pain intensity scores over the initial 8 hours of an ACS-related event. Variable pain quality descriptors used to describe acute cardiac pain in this ACS sample were a combination of nociceptive (acute injury) and neuropathic (nerve damagepersistent pain). Possible explanations for this result have been discussed as attributed to, (a) differences in ACS sample, (b) pathogenesis of clot formation, (c) first versus repeated ACS event, and (d) diabetes as comorbidity.
Limitations: This study was conducted in a single ED setting with predominately a homogeneous Caucasian sample, with limited enrollment of only UA and NSTEMI ACS patients. Therefore, areas for future research include, 1) a larger, multisite study, applying a stratified analysis approach that would include all ACS differentiation examining pain management practices and cardiac pain intensity, 2) a larger study that would examine differences in cardiac pain presentation, in all ACS patients, with use of portable echocardiography, stratifying for first time and repeated ACS event, and 3) a larger, multisite study that thoroughly examines the diabetic-ACS pain presentation with use of quantitative sensory testing in order to determine the prevalence of diabetic neuropathy.
Controlling for diabetic neuropathy may provide an in-depth description of ACS pain presentations within the diabetic context.
Conclusion
The aim of this sub-analysis was to provide a comprehensive examination of the sensory-discriminative, motivational-affective and cognitive-evaluative dimensions of cardiac pain not previously captured or documented in the acute hours of an emergent ACS event. Sixty-six percent of the sample described cardiac pain as acute injury "heavy, cramping, stabbing, and sharp" (nociceptive pain). Others reported nerve-related damage pain qualities, "gnawing, hot-burning, shooting" (neuropathic pain) and a combination of acute and chronic pain qualities "aching, tender and throbbing". Further investigations are warranted to clearly describe the individual complex cardiac pain presentations as it relates to ACS designation, singular or repeated ACS event and level of co-morbidity.
